UNCLASSIFIED

11299 664

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a deflnitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsocever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
dats 1s not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



b3-3~/

FID-TT g8 |

TRANSLATION

EXPERIMENTAL RESEARCH OF THE HYDRODYNAMICS OF A
TURBULENT FLOW OF AIR IN THE GAP BEMEEN
ROTATING COAXIAL CYLINDERS

299664

By

.....::1’.: S. I. Kosterin, Tu, A, Koshmarov, et, al,

%
£,
< FOREIGN TECHNOLOGY
= <l '
= DIVISION
Q<

AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE
OHIO

ASTIA -

P AT
ﬁAPRS 1963 ﬂ
[owuial v ikl

TISIA ¥



cTL-TT- 63-18/142

UNEDITED ROUGH DRAFT TRANSLATION

EXPERIMENTAL RESEZARCH OF THE HYDRODYNAMICS OF A
TURBULENT FLO®W OF AIR IN THE GAP BETWEEN ROTATIRG
COAXTIAL CYLINDERS

BY: S. I. Kosterin, Yu, A, Koshmarov, et. al.
English Pagest 11

SOURCE: Russian Periodical, Inzhenerno-Fizicheskiy
Zhurnal, Vol, 5, Nr. 5, May 1962, pp 15-2C

$/170-62-5-5

THIS TRANSLATION IS A RENDITION -OF THE ORIG)-

NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY:

ADVOCATEDOR IMPLIED ARE THOSE OF THE SOURCE .

AND DO NOT NECESSARILY REFLECT THE POSITION TRANSLATION SERVICES BRANCH

OR OPINION OF THE FOREIGN TECHNOLOGY DI FOREIGN TECHNOLOGY DIVISION

VISION, WP-AFB, OHIO. .
FID-TT- 63-18/1+2 Date 4 March 19 63




EXFERIMENTAL RESZARCH OF THY BYDRODYNAMICS OF A TURBULENT FLOW

OF AIR IN THE GAP BETWEEN ROTATING CQAXIAL CYLINDERS

by

S8. I. Kosterin, Yu, A, Koghmarov, and YTu. é. Finat!yer

The article tells about the results of experimental regearches
in the flow of air in the ring crannel betweéen a rotating inner cyl-
inder and =& skationary outer oOne, There are eatabliched boundaries
of the regions of flow for the various systems. The results are

presented of the experimental measurements of the lowses by friction,
0

The most widely used figures for the relative magnitudes of the ring
gaps in the vractice of aerodynamic designirg (electrical machines, genera-
tors, ete.) lie within the limits (r,—r;) /ry = 0--0.3 (here r) is the ra-
dius of the rotor; rp the radius of the statnr),

At the present time there are being conducted a séries of experimental
and theoretical researches in hydrodynamics of the purely turbulent flow in
the ring gaps the relative magnitude of which is close to zero [Ti. 2_];
Por gaps, however, of medium #nd large relative cugnitude cxperimental and
theoretical investigations of the hydrodynamics and heat exchange in a tur-
bulent flow are hardly being conducted at all,

In this study we will report on results from experimental investigaticas
of the turbulent flow in a ring channel the relative magnitude of which

amounts to (ry—rjiry = 0,271,

Exverimental Unit and Methode of Meagurements

Experimental investigations were conducted with an arrangement which con-
sisted of two coaxial cylinders. The outer cylinder was stationary; the

fnrer one rotsted, The diameter of the rotating ¢ylinder (rotor) was 192 mm:

FID-11-63-18/1 & 2 1



the inner diamater of the rtator was zZ&44 mn "he slze of the ring gap was

§ = r—ry = 26 mm. The length of the channel was 2,015 mm, The working
surface of the cuter cylinder (stator) ufter the lathe work was polished.
The welative rougﬁness of the working surface of .he rotor amounted to rllk
~ 10,000—15,000, For assuring the uniform input of alr into the gap
there wag provided in the input nipple a device which liquidated the after-
effect of the radial introduction of the air to the working aresn, Measure~
ments of the profiles of the velocities at the inout of the air into the
channel showed that the distributinn of the velocities in the input section
was always practically uniform,

On the stator at every 100 mm there were drilled holes of the diameter
of 1 mm for measuring the static vressure along the channel, Por measuring
the profiles and pulsations ¢f the velocities on the stator there were set
up in some secilons corresponding orobes the displacement of which was flxed
on & micrometric scale, For measuring the velocities there were used
tubes of full rrecaurs of tha Aimmater of 0.8 mm. The meagurement of the
pulaations of the veloclty by a thermo wnemomete- of the type ETAM-3a,

For measuring the tangential stregs of the frictlon against the wall
of the stator at a section distant from the entrance into the chiannel by 1 m.
there was built in a pickup of the friction with a floating element prepared
in the ladoratory on the basis of torsion weights of the brand VT-200 with
gradations of 0.2 mg. hAs an operating force there was vsed air compressed
by a plston compressor, which was previously dried and cleaned. In the scheme
of sunplying the aln for leveling off the fluctuations in the pressure,
there was a tuffar cavity, The greatest use of alr in the experiments 7
amounted to 30 kg/sec.

The flow diaphragm was placed immediately in front of the workinz area,
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The di-meter of the opening in the plate was 45 mm; the dlameter of th- tude
82 mm, The diaphragm was deuvigned in accordance with the norms for the
measurement of the flow of liquids, gas, .nd steam 173_7. The consumption
of air wae determined on the dasis of the data of thege norms. The re-
sults of the measurements of the use of uir,by this diaphragm were compired
with thoge computgd by the formulas of the velacitles, The two methods
satisfactorily agreed,

For the study of the effect of heat exchange on the character of the
flow of air in a ring channel there was prepvared a second variant of the ro-
tor with exactly the pame diameter as the first. Inslde thig roter theres
was located a uniformly wound spiral of nichrome tape, the end of which were
brought out onto a slip ring. The rings of the slip-ring device were made
of conser; the drushes of copner graphite. The vower of the electric pre-
heater of the rotor was regulated. For measuring the temperature of the sufe
face of the rotor -wnd the stator into the walls of these there were built
chromel-copel trermocouvles. The thermocouvles from the rotor re dbrought

out through a slip ring.

Systems of Flow in the Ring Channel

Exverimental investigations th_f revealed the existence of four sys-
tems of flow of the fluid in the ring channels, At the same time investi-
gation was made of the character of flow of a fluid in ring gaps the relative
magnitude of which amounted to 0,214 and 0,362 in a range of variaiion of the

Reynoldas number Re,, =¥ 54 (ry—r1)/¥ = 0 — 103 and Taylor's number

Te = w, (—E——EL) : fra—1n) v = 0 — 700. (a)
Most of the technical problems are characterized by higher vulues for
the numbers Ae,, snd Te.

gur researcres conducted with the szme relative ring gaovs enabled us
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to study the character of the flow of 4« fluid in the range of changes of the
indicated criteria: Re,, = 103 - 10" Te - 0 —e § » 10“. The procedure of
the expveriment consisted in the following., With an unchanging feed of air
there was a gradual increase in the rpm of the rotor. ¥or each of ite fig-
ures meagurenents were m:de of the prcfiles of the velocities, the distri-
bution of static pressures alonz the wall of the outer cylinder, and the
character of the pulsations of the velocities. In studying the character

L ]
of the motion 1n non-isothermic conditions thers were measured the tempera-
tur«g of the wil® of the preheated rotor, and of the wall of the stator and
of the air, With the change in tle system of flow there was a sharp charge
in the character of the distridbution of tke velocitles and oressures along
the walle of the stator.

With a laminar motion vulsations of the velocity are absent: with a tur-
bul=nt motion they have an irregular character, Under the turbulent system
with vortices there arise regular pulsations of Valocity with great amplitude,
on which are suverimposed irregular pulsatlions of liitle amplitude, The
regular ovulsations of velocity correspond to the stadle, lxrge vortices which
arise in this system of flow, w'ich are commensurate with the dimensions of
the gap., This was confirmed visually by observations made in th_f. The
character of the distribaution of the velocities also noticeadly changes wi-h
the coming of A new system., Easpecizlly notice:ble i1s the transfornation of
the profiles of the tangential velocities. Wrere trere is purely turbulent
notion the tangentl=l velocity of the air constantly becomes less along the
radius of the rotor to the stator., The system of tirbulent motion with vor-
tices 1s characterized by nonmonotone change in the tangential velocity along
the radius.

The drop in the atatic pressures along the wall of the stator under
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Yig, 1, Distribution of the static vressureas Bob(rp—mn) -3 along
A Puia

the wall of the inner cylinder (stator) with
different ropm Re@ =Gyry (rp — ¥1)/y in different am~unts of air used Reg,:
1 — 1.5+ 10% 2 — 1.1 - 10% 3 — 8.8 - 103; & — 5.08 - 103; § — 4.5.103;

1 «nd 11, resvectively, equal the curves drawn through the voints in which
uB B

R, dRel (v)
The drop in the static pressures along the wall of the stator during
turbalent motion constantly increased with the increase in the rpm, After
the ensuance of the system of flow with vortices a reverse picture was ob-
gorved. The distribution of static preseurea alonz the widl of the gtator
on the basic (working) area of the ch:nnel under the turbulent motion became
lineur, With the onset of the systen with vortic:s =2lso  there was main-
tained an apuroximately linear distribption. In Fig. 1 there are shown the
resgults of these measurements for a number of values of the Reynolds number
of the axial motion, By joining the points corresvonding to the condition
E%Ey [f}f%- d4(rq — rl) J = 0 (extremum) we will get a line which separates
the field of P(Jia the graph into two areas—of vurely turbulent flow
and turbulent motion with vorticee. TFor more precise determination of the

bounduries ¢of the transitlon, it is clear, one should use the condition of
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the equality zero of the second dsrivativs

URe.; T te)

.:{t[é_f RIS R I
Az ."U;'.: o

The houndsry drawn along these polnts will determine some large area for
the flow with vortices, Tha points of transition obiained by this method
find thenmselves in complete correspondence with the data o the moment of
changeover of the character of the profile of the veloclities nnd pulsation
velocities.

The investigations of the systems of flow under ncnigothermic conditions
s'owed that the vresepce of an insignific:nt heat exchinge hag little ef-
fect on the point of transmition. As depends on' the numbers Re,, and Te
trere may exist laminar flow, liminar flow with vortices, vurely turbuleng

flow, nd turbulent motion with large-scale retular vortices,

PiRe, ;. T T T
! | . ’ In the range of numbers Re,,
l . i
, [ = 103 — 10" and me = 103 — 104
T e , _
.l fa—(' , the boundary between the system of
Mot L 3% - vurely turbulent and turbulent mo-
} / ;." \L.)\ 7

tion with larze-scale vortices can

+
-,
R
+

P B
. "~ R L ba aporoximately deitermined by the

Fig, 2, Systems of flow in a ring

formulus obtalned on the basis of

channel between rotating cylinders

NERPRSTH h s
Te——Ln (_5(1 U:~fn”']/v @ the reatment given in Fig, 2 in the
ey (2 — 1) followlng form:

Regq + -~ 000
h

I, area of laminar flow; II, of lam- T“mfthOISRegl (1)

inar flow with vortices: III,of pure- The apvlicability of this formula
ly turbulent flow:; IV, of turbulent for other gaps requires exverimental
flow with vortices; 1, 2, respective- coafirmation,

ly experimental data Lfﬁ_f and ours.
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Results of the Measurements of the Friction of the ALr Ageinet
the ¥all of the Ring Gap
In considering the nrocess of the movement of the alr in the axial di-
rection one can separate the chonnel into two zones—the zone corresponding
A TR - A
the beginning area, The length of the beginoinz area in our researches as

to the motion (;r =0, ¥z .o, Wy- 0) and the zone of unsettled motion,

the meagurements showed under all regimes did not exceed the value 0,3—0.7 n.
Ag the working area of the channel one considers that vart of it included de-
tween the gections removed from the inou by 0.7 m »nd from the output by
0.4 m. In the experiments there was studied only the settled movement of
the air. In the wnalysis of the logees of pressure -long the channel thera
were used data obtained in the working area of the ch-nnel, In *he middle
vart of the working channel on the stator there was installed a pickup of the
tangential friction, The profilea of the velocities were measured along
the whole length of the channel at every 300 mm, which made it possible to
follow up on the transformation of the vrofiles in the beginning area and
reveal the zone of settled flow.

For tha area of gettled motion under the purely turd@mlent system of
flow of air the figure for the coefficient of the axial friction was com=

puted in accordance with the formula :
. N Apliry—r)
, =420 A0

Az U, (2)
The data obtained for the coefficlents of the axial friction in the range

Re,, = 103 — 10% with absence of rotation of the inner cylinder corresponds

well with Blasius's formula )

. 0.3164

I':O = -ﬁ:}*‘ . t3)
where Re, = [ZUza (rl—- r,)] 1y

In the case of the purely turdulent system of the flow -nd with a con~
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stant number Re,, (constant consumptlon of ailr) one obperves an increise in
the coefficlent of resistance with the increise in the number Req;, i, e.,

with the increase in the rpm,

Ay ! The regults of the exverimental
!
,l measurexents of the coefficient @f the
= -
E hydr:ulic losses of the axial movement
L I ; 7 for the pursly turbulent system of
L s b
. ;&;é * flow {Fis. 3) were presented in * he
t_J.‘.;ﬁ‘?p:‘- :
i forn of a functinn
‘ ’, Re
)
e I el "% hao Rew ( * )

. . The value A __ in this case w.s ceter-
. 20
Fig.3Denendence of A2 = Az/Az0 ON
rined by the formula (3). The results

Re(P’Reza = Re*, experimental data:

1, ours; 2 -nd 3, [Ti_7= &, ZT5_7;

5, [ 6_J: solid lines is the theo-

of our experimente and researches [IJ
agree well with each other and with

the theoretical data:

retic:l solution / 3_J. g

1y 7= Ao (] 427 (5)
where ] ___[,REL
h 2 Regq (6)

In thie way the computation of the hydr~ulic losses for the axial mo-
tion in a purely turbulent system of flow in he range of numbers Re,. =
103 —~10h can be carried out by making use of the formula (5) for gaps the
relative size of which lies within the limits O to 0.27. The magnitude
y Ao (r — r

_53952- comouted in accordance with the distributicn of the measured

-
=

static pressures on the wall of the stator for the area of flow with vortices
apparently does not complete chiaractsrize the hydreulic loswes by friction
connected with the axinl motion of the fluld.

Along with the meagurements of the hydraulic losses of the axisl motion
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measurements were nade of the stress of the tangentinl friction on the wall
of the stator, From the condition of conetancy of moment of friction for the

working area the figure for the stresg of friction on the roter can be de-

- == T !_i:._ 2 7
R ) ' (?)

The eensitivity of the pick-

ternined in &ccordance with the formila

up on the one hind »nd the limitedness
of the amount of =ir compressidle

i I
N ) \/‘\_.»_ﬂ,_,f - : ‘
‘\\\\\\\Exf’“’/’ _/// : by the compressors on the other,
: oS 3

ol o R | made 1T voseible to make the measure-

P PRI o e

ments of the stress of friction
Fig. 4, Devendence of the tangential

only within a narrow zone of meagureé-
friction Yo, (k[ /m2) on the parameter

ments of the numbers Re, and Rew.
Re,. uncer varying ccreumution of air

corresvonding to the ares of purely

and different figures for the rpm.

turbulen motion. The error in the
1, 800 rm; 2, 1,200: 3, 1,700: &,

measurcrents could amount to 20 or
2,000 rom; A, zone of turbulent flow

30%, The rwsults of the meusurements
with vortices; B, zone of purely tur- .
with different figures for the rpm
tulent flow: I, boundury of the systems

of tke rotor are given in Fig. &4 in
found from the condition

o Ap diry -4} e
P [TZ ] (8)
a

[P

the form of dependence of the stress

of tangenti=1 friction on the stator
11, from the condition .

on the Reynolds number of the

@t AP Alra-- 1) . ¢QQ
[—— L ] (9

oRet | B2 sy, axinl motion {consumvtion. In this

same graph there sre plotted the boundaries of the areas of friction.
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